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(54) FEEDING APPARATUS FOR LIQUID RAW MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a feeding apparatus for 
a liquid raw material, capable of safely and accurately feeding 
raw liquid material, without changing the mixing ratio in feeding 
the vaporized raw liquid material. 

SOLUTION: A liquid raw material storage tank 17 for storing a 
liquid raw material to be vaporized and fed, a liquid raw material 
spouting section 20 for vaporizing and spouting the liquid raw 
material fed from the tank, and a control section 30 for 
controlling the spouting amount of the liquid raw material form 
the liquid raw material spouting section are provided. The liquid 
raw material spouting section 20 is installed with a pressure 
chamber 22, with its volume changed by drive of a piezoelectric 
element 21; an introducing section 23 for introducing the liquid 
raw material to the pressure chamber; and a spouting nozzle 24 
for spouting and vaporizing the liquid raw material compressed 
in the pressure chamber. The control section 30 is installed 
with a power circuit 31 for generating driving voltage pulse 
applied to the piezoelectric element; a switching circuit 32 for 
turning on and off the driving voltage pulse; and a central 
processing unit 33 for controlling the switching circuit. 
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[Claim(s)] 

[Claim 1] The liquid raw material hold section which holds the liquid raw material which should gaseous- 
phase-ize and should be supplied in the equipment which gaseous-phase-izes a liquid raw material and 
supplies it, The liquid raw material jet section which receives supply of the liquid raw material held in this 
liquid raw material hold section, gaseous-phase-izes a liquid raw material, and is spouted, It has the control 
section which controls the amount of jet of the raw material liquid from this liquid raw material jet section. 
In said raw material liquid jet section The pressure room where the volume changes with the drives of a 
piezoelectric device, and the induction which leads the liquid raw material from said raw material liquid 
hold section to this pressure interior of a room, Liquid feeding equipment characterized by constituting so 
that the jet nozzle which blows off and gaseous-phase-izes the raw material liquid compressed at said 
pressure room may be prepared, the variation rate of the piezoelectric device of said raw material liquid jet 
section may be adjusted for said control section and the amount of jet of a raw material liquid may be 
controlled. 

[Claim 2] The raw material liquid feeder according to claim 1 characterized by establishing the power 
circuit which generates the driver voltage of a predetermined frequency, and the switching circuit which 
carries out on-off control of the impression to said piezoelectric device of this driver voltage in said control 
section. 

[Claim 3] The raw material liquid feeder according to claim 2 characterized by making adjustable the 
frequency of the driver voltage which generates the power circuit of said control section. 
[Claim 4] A raw material liquid feeder given in any of claims 1-3 characterized by to constitute so that the 
drive of two or more piezoelectric devices in which each prepared two or more jet nozzles connected with 
each of two or more pressure rooms where the volume changes with the drives of a piezoelectric device, and 
the pressure room of these plurality at said raw material liquid jet section, and said control section was 
prepared at said two or more pressure rooms may be controlled independently in common or, respectively 
they are. 

[Claim 5] A raw material liquid feeder given in any of claims 1-4 arranged at the feeding system of the CVD 
system using a liquid raw material they are. 

[Claim 6] A raw material liquid feeder given in any of claims 1-5 arranged at the feeding system of the 
MOCVD system using an organic metal as said raw material liquid they are. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a raw material liquid feeder with suitable using an IEV 
group semi-conductor for the equipment which carries out epitaxial growth on the substrate formed 
especially within the reaction by the gaseous-phase epitaxial (Metal Organic Chemical Vapor Deposition: 
MOCVD) method which is organic metal gas about the equipment which gaseous-phase-izes a raw material 
liquid and supplies it. 
[0002] 

[Description of the Prior Art] In optoelectronics devices, such as a light emitting diode, a laser diode, and a 
photodiode, carrying out epitaxial growth of the various substrate top IIIV group semi-conductor film is 
proposed, as the epitaxial growth process of this IITV group semi-conductor film ~ the former — MOCVD 
(Metal Organic Chemical Vapor Deposition) - law gets to know - having - **** - recently - a chloride 
gaseous phase - epitaxial (Hydride VaporPhase Epitaxy: HVPE) - law is also proposed. 
[0003] HVPE - when forming the IIIV group semi-conductor film which contains Ga by law, load with a 
gallium metal within [ which held various substrates inside ] a reaction, introduce hydrochloric acid gas into 
a coil, make gallium chloride gas generate, and he makes V group material gas react to this, and is trying to 
make an IIIV group semi-conductor deposit this HVPE - law - MOCVD - there are the features that a 
membrane formation rate is high compared with law. for example, MOCVD - although the typical 
membrane formation rate at the time of carrying out epitaxial growth of the IIIV group semi-conductor film 
by law is several micrometers/h — HVPE — the typical membrane formation rate in the case of carrying out 
epitaxial growth of the same film by law is hundreds of micrometers per hour. Therefore, the HVPE method 
can be advantageously used, when forming the big IIIV group nitride film of especially thickness. 
[0004] However, by the HVPE method, while the IIIV group semi-conductor film which has a good 
property is hard to be obtained, there is a problem that fluctuation of the thickness within a substrate 
becomes comparatively large. 

[0005] moreover, in forming the IIIV group semi-conductor film by the MOCVD method The substrate laid 
on the susceptor heated by predetermined temperature with heating apparatus is held within a reaction. To 
this coil, two or more sorts of mixed gas of trimethylaluminum gas, trimethylgallium gas, trimethylindium 
gas, or these organic metal gas, He introduces V group material gas together with carrier gas like hydrogen 
or nitrogen, and is trying to make the IIIV group semi-conductor thin film of various presentations deposit 
on a substrate by the reaction of an organic metal and V group material gas. 
[0006] 

[Problem(s) to be Solved by the Invention] It is important to control correctly the amount of supply of the 
organic metal gas supplied to a reaction within the pipe one in the approach of forming the IIIV group semi- 
conductor film by the MOCVD method as mentioned above. If the amount of supply of this organic metal 
gas shifts from a desired value, since the IIIV group semi-conductor film formed changes, it not only 
becoming impossible to obtain the film which has a desired property but membrane formation effectiveness 
will fall or a membrane formation rate will change, it becomes difficult to obtain the IIIV group semi- 
conductor film which has desired thickness. 

[0007] Conventionally, as a supply system of the organic metal gas of the raw material in such vapor growth 
equipment, many bubbling methods and liquid extrusion methods are adopted. By the bubbling method, the 
liquid for through and vapor pressure is evaporated on the tank which holds the raw material liquid of an 
organic metal, and bubbling gas is introduced into it to a coil. Moreover, a pressure is applied to the raw 
material liquid of an organic metal, and he extrudes into a mixing chamber, and is trying to make the raw 
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material liquid of the specified quantity evaporate in carrier gas by closing motion of a bulb within this 
mixing chamber by the liquid extrusion method. 

[0008] In the bubbling method mentioned above, the amount of supply changes according to the volume in 
the tank which has held the raw material liquid, i.e., the height of an oil level, and there is a problem that it 
is stabilized and the raw material liquid of the specified quantity cannot be supplied, furthermore, like 
[ when using a mixed liquor object as a raw material liquid / in the case of forming the AlxGayN (however, 
x=y=0.5) film ] When the raw material liquid which contains trimethylaluminum and trimethylgallium by 
the ratio of 1 :1 is supplied to a coil, There is [ the ratio of each organic metal gas in a bubble does not not 
only become in 1 : 1 , but ] a problem that the rate of a gas ratio will change with time amount, and there is 
also a problem that the AlxGayN film of a desired presentation cannot be formed. 
[0009] Since it generates compressive air bubbles when this gas melts into a raw material liquid in 
performing pressurization of a raw material liquid through a gas, the amount of the raw material liquid 
extruded is changed and it becomes impossible furthermore, to supply a raw material liquid at a desired rate 
in a liquid extrusion method. Moreover, since it is difficult to control the amount of displacement of a piston 
minutely when pressurizing a raw material liquid with a cylinder and a piston, there is a problem that the 
supply rate of a raw material liquid is uncontrollable by high degree of accuracy. 

[00010] As mentioned above, to form the HIV group nitride film for optoelectronics devices on a substrate, 
it is necessary to control the rate which a property needs to form membranes by the thickness of a request of 
the good film, gaseous-phase-izes organic metals, such as trimethylaluminum, trimethylgallium, and 
trimethylindium, for that purpose, and supplies to a reaction within the pipe one with high precision. 
However, in the conventional raw material liquid feeder, there was a problem that the yield was low, very 
difficultly [ such highly precise control ] therefore. 

[001 1] The purpose of this invention solves the conventional various troubles mentioned above, and in 
gaseous-phase-izing a raw material liquid and supplying, it tends to offer the raw material liquid feeder 
which is stably highly precise and can control supply of raw material liquid gas. 

[0012] In gaseous-phase-izing the raw material liquid which mixed two or more raw material liquids at a 
predetermined rate, and supplying, other purposes of this invention tend to offer the raw material liquid 
feeder which can supply raw material liquid gas, without changing the mixed predetermined rate of a raw 
material liquid. 
[0013] 

[Means for Solving the Problem] The liquid raw material hold section which holds the liquid raw material 
which this invention should gaseous-phase-ize a liquid raw material in the equipment which gaseous-phase- 
izes and is supplied, and should supply it, The liquid raw material jet section which receives supply of the 
liquid raw material held in this liquid raw material stowage, gaseous-phase-izes a liquid raw material, and is 
spouted, It has the control section which controls the amount of jet of the raw material liquid from this liquid 
raw material jet section. In said raw material liquid jet section The pressure room where the volume changes 
with the drives of a piezoelectric device, and the induction which leads the liquid raw material from said raw 
material liquid hold section to this pressure interior of a room, It is characterized by constituting so that the 
jet nozzle which blows off and gaseous-phase-izes the raw material liquid compressed at said pressure room 
may be prepared, the variation rate of the piezoelectric device of said raw material liquid jet section may be 
adjusted for said control section and the amount of jet of a raw material liquid may be controlled. 
[0014] In an example with the suitable raw material liquid feeder by this invention, the power circuit which 
generates the driver voltage of a predetermined frequency, and the switching circuit which carries out on-off 
control of the impression to said piezoelectric device of this driver voltage are established in said control 
section. In this case, if the frequency of driver voltage is set constant, since the count which a piezoelectric 
device drives to per unit time amount will become fixed, the supply rate of a raw material liquid can be 
increased by lengthening time amount which turns on the switching circuit, for example. Furthermore, the 
frequency of the driver voltage generated from a power circuit can also be made adjustable. In this case, 
since the count which a piezoelectric device drives changes to per unit time amount according to a 
frequency, the supply rate of a raw material liquid is controllable by still higher precision by combining with 
the on-off control of the switching circuit mentioned above. Furthermore in this invention, the switching 
circuit is always set to ON, and the amount of supply of a raw material liquid can also be controlled by 
adjusting only the frequency of the driver voltage generated from a power circuit. 
[0015] Furthermore, in an example with the suitable raw material liquid feeder by this invention, each 
prepares two or more jet nozzles connected with each of two or more pressure rooms where the volume 
changes with the drives of a piezoelectric device, and the pressure room of these plurality in said raw 
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material liquid jet section. In this case, two or more pressure rooms can be arranged in a single tier or two or 
more trains, or can be superficially arranged in accordance with two or more lines and trains. In such an 
example, it can constitute, or it can constitute so that it may divide into two or more groups and may control, 
so that the drive of two or more piezoelectric devices in which said control section was prepared at said two 
or more pressure rooms may be controlled independently, respectively. Thus, by constituting, the large 
range can be covered and the supply rate of a raw material liquid can be controlled by still higher precision. 
[0016] the IIIV group semi-conductor film for optoelectronics devices mentioned above although the raw 
material liquid feeder by this invention was applicable to various applications — MOC VD ~ it is suitable 
especially to apply to the gaseous-phase membrane formation equipment which carries out epitaxial growth 
by law. the substrate which considered as the organic metal containing at least one of aluminum , Ga , or the 
In(s) as a raw material liquid in such an example , and formed at least one and V group material gas of these 
organic metal gas for the jet nozzle of said raw material liquid jet section within the reaction with carrier gas 
- introduce — this substrate top — the IIIV group semi-conductor film — MOCVD — it can arrange in the 
feeding system of the gaseous phase membrane formation equipment which carry out epitaxial growth by 
law . 
[0017] 

[Embodiment of the Invention] drawing 1 - a silicon-on-sapphire top — the AlxGaylnzN (however, 
x+y+z=l) film — MOCVD — it is the sectional view like a diagram showing the configuration of the whole 
which applied one example of the raw material liquid feeder by this invention to the gaseous-phase 
membrane formation equipment which carries out epitaxial growth by law. 

[0018] In this example, the susceptor 13 which holds silicon on sapphire 12 horizontally, and the heating 
apparatus 14 which heats silicon on sapphire to predetermined temperature through this susceptor are 
arranged in the central lower part of the coil 1 1 which consists of a quartz. Thus, in this example, although 
silicon on sapphire 12 is held to horizontal facing up, you may hold downward [ horizontal ]. The carrier gas 
installation tubing 15 for introducing the carrier gas containing hydrogen and nitrogen within a reaction and 
the ammonia gas installation tubing 16 for introducing ammonia gas within a reaction are formed in the 
right end of a coil 11. 

[0019] Furthermore, the raw material liquid hold tank 17 which mixed the trimethylaluminum which is a 
raw material liquid, and trimethylgallium and trimethylindium by the predetermined ratio is formed, and the 
raw material liquid held in this tank is supplied to the raw material liquid jet section 20 through the pipe 19 
which has arranged the bulb 18 in the middle. This raw material liquid jet section 20 applies a pressure to a 
raw material liquid by the drive of a piezoelectric device, and it constitutes it so that this may be spouted 
through a jet nozzle within a reaction, so that it may explain to a detail later. In order to control the amount 
of jet of such a raw material liquid, the control section 30 which controls the driver voltage of a piezoelectric 
device is formed. Thus, the raw material liquid which blew off inside the coil 1 1 is evaporated, and is led in 
the direction of silicon on sapphire 12 together with the carrier gas and ammonia gas which are introduced 
from the carrier gas installation tubing 15 and the ammonia gas installation tubing 16. 
[0020] Silicon on sapphire 12 is heated by the temperature of about 1000-degreeC with heating apparatus 
14, and can form the AlaGablncN (however, a+b+c=l) film on the surface of silicon on sapphire by the 
reaction of trimethylaluminum gas, trimethylgallium gas and trimethylindium gas, and ammonia gas. In this 
invention, the amount of jet of the raw material liquid which blows off from the jet nozzle of the raw 
material liquid jet section is controllable by controlling the driver voltage impressed to the piezoelectric 
device prepared in the raw material liquid jet section 20 by the control section 30. That is, by controlling the 
driver voltage to a piezoelectric device, the amount of jet of a raw material liquid can be correctly controlled 
by high degree of accuracy, and the AlaGablncN (however, a+b+c=l) film which has a desired film 
property as the result can be formed good. 

[0021] the raw material liquid feeder according [ dr awin g 1 ] to this invention - a silicon-on-sapphire top - 
the AlxGaylnzN (however, x+y+z=l) film - MOCVD - although one example applied to the gaseous- 
phase membrane formation equipment which carries out epitaxial growth by law is shown, in this example, 
many deformation is possible. For example, although silicon on sapphire was used as a substrate, GaAs, InP, 
Si, SiC, etc. can also be used as the common substrate for IIIV group nitride semi-conductor membrane 
formation, and it can also consider as other oxide substrates. Moreover, the material gas which contains As 
and P as a V group raw material can also be used. Moreover, it can be adapted not only for membrane 
formation of the IIIV group semi-conductor film but membrane formation of other compound thin films 
containing an oxide. Furthermore, the mixed liquor object which added the raw material for changing the 
viscosity of not only the mixed liquor object of only an organic metal but an organic metal as a raw material 
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liquid can also be used. 

[0022] Drawing 2 shows the detailed structure of an example of the raw material liquid jet section 20. In this 
example, the raw material liquid jet section 20 arranges superficially two or more pressure rooms 22 where 
each was constituted so that the volume might change with the drives of a piezoelectric device 21, and forms 
the raw material liquid induction 23 for introducing a raw material liquid through a bulb 18 and a pipe 19 
from the raw material liquid receipt tank 17 in these pressure interior of a room. Moreover, the jet nozzle 24 
is formed in each pressure room 22 so that it may be open for free passage to it, and the carrier gas feed zone 
15 is made to face the tip of these jet nozzle. 

[0023] Drawin g 3 is the block diagram showing the detailed circuitry of a control section 30. The central- 
process unit (CPU) 33 which generates the control signal which controls actuation of the power circuit 31 
which generates the driver voltage of a predetermined frequency, the switching circuit 32 which carries out 
on-off control of the driver voltage generated from this power circuit, and this switching circuit by this 
example is formed. 

[0024] Here, although a numerical example is explained, as for this invention, it is needless to say that it is 
not what is limited only to such an example. In this numerical example, in order to simplify explanation, 
trimethylgallium shall be used as a raw material liquid. The molecular weight M of this trimethylgallium is 
114.83, and a consistency rho is 1 . 1 5 1 g/ml= 1 . 1 5 1 x 1 03 g/1. Moreover, the number of the j et nozzle 24 is 
made into 500 pieces, the frequency of the driver voltage generated from a power circuit 3 1 is set to 100 Hz, 
and the amount a of jet of the raw material liquid which blows off from one jet nozzle by one driver voltage 
pulse is set to 1 pl(pico liter) =10-12 1. Therefore, it will be set to (rhoxa) / M = (1.151x103x10-12) / 
1 14.83**1.00-10 mol if the amount of jet of the raw material liquid which blows off from one jet nozzle 24 
by one driver voltage pulse is expressed with a mol (mol). Therefore, if the amount of jet of the raw material 
liquid which blows off from all the 500 jet nozzles 24 in 1 minute is expressed with a mol, it will become 
1.00-10x500x100x60 = 300micromol/min. Thus, in this invention, the amount of jet of a raw material liquid 
is controllable by the high precision of the order of the micromole by controlling the driver voltage 
impressed to the piezoelectric device 21 of the raw material liquid jet section 20. 
[0025] This invention is not limited only to the example mentioned above, and many modification and 
deformation are possible for it. For example, this frequency can also be made adjustable although it was 
made to generate the driver voltage pulse of a fixed frequency in the example mentioned above from the 
power circuit 31 established in the control circuit 30. In this case, by raising the frequency of a driver 
voltage pulse, the amount of raw material liquid jet per unit time amount can be made [ many ], and the 
amount of raw material liquid jet can be lessened by lowering a frequency. Therefore, the precision of the 
amount adjustment of jet can be changed by changing the frequency of a driver voltage pulse by the amount 
of jet of a raw material liquid being not only controllable, but combining with the on-off control mentioned 
above. Namely, what is necessary is just to make higher the frequency of the driver voltage pulse generated 
from a power circuit, when the amount of jet of a raw material liquid needs to be controlled by higher 
precision. 

[0026] Moreover, the path of the jet nozzle of the raw material liquid jet section 20 can be made suitable 
according to the viscosity of the raw material liquid which should be supplied. For example, when supplying 
a raw material liquid with high viscosity, the big jet nozzle of aperture can be used. Furthermore, although 
applied to the MOCVD system which carries out epitaxial membrane formation of the IIIV group semi- 
conductor film on [ various ] a substrate in the example mentioned above, the raw material liquid feeder by 
this invention can also be used for other applications. 

[0027] In according to the raw material liquid feeder by this invention, gaseous-phase-izing a raw material 
liquid and supplying, as mentioned above, by controlling the driver voltage which carries out a seal of 
approval to the piezoelectric device prepared in the raw material liquid jet section, the variation rate of a 
piezoelectric device is adjusted, it is exact and highly precise and the amount of jet of a raw material liquid 
can be controlled. Moreover, since the mixed rate of the raw material liquid which blows off from a jet 
nozzle does not change even when using mixed liquor as a raw material liquid, the presentation of the raw 
material liquid supplied by gaseous-phase-izing is not changed. 
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(54) FEEDING APPARATUS FOR LIQUID RAW MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a feeding apparatus for a 
liquid raw material, capable of safely and accurately feeding raw 
liquid material, without changing the mixing ratio in feeding the 
vaporized raw liquid material. 

SOLUTION: A liquid raw material storage tank 17 for storing a liquid 
raw material to be vaporized and fed, a liquid raw material spouting 
section 20 for vaporizing and spouting the liquid raw material fed 
from the tank, and a control section 30 for controlling the spouting 
amount of the liquid raw material form the liquid raw material 
spouting section are provided. The liquid raw material spouting 
section 20 is installed with a pressure chamber 22, with its volume 
changed by drive of a piezoelectric element 21; an introducing 
section 23 for introducing the liquid raw material to the pressure 
chamber and a spouting nozzle 24 for spouting and vaporizing the 
liquid raw material compressed in the pressure chamber; The control 
section 30 is installed with a power circuit 31 for generating driving 
voltage pulse applied to the piezoelectric element; a switching 
circuit 32 for turning on and off the driving voltage pulse; and a 
central processing unit 33 for controlling the switching circuit. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 

examiner's decision of rejection or application converted 

registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



http://www1 9. ipdl.ncipi.go.jp/PA1 /result/detail/main/wAAAi.aOjADA41 41 75987P1 .h... 05/03/31 



m 



<19>0#S1$fW (JP) 



< 12 > & m 4# 1* ^ $B (A) 



#^2002-175987 
(P2002-175987A) 
(43)&» B 6/I21B (2002. 6. 21) 



(51)IntCl. 7 

H0 1L 21/205 

B 0 1 J 4/02 

C 2 3 C 16/448 



F I 

H 0 1 L 21/205 

B 0 1 J 4/02 

C 2 3 C 16/448 



4G0 6 8 
B 4K030 
5 F0 4 5 



*Bt2& BS*«ro«6 OL (£ 6 H) 



(21)UJH#*f 


4fK2000-370536(P2000-370536) 


(71) MSA 


000004064 








B*5§^*SC£*t 


(22)t«se 


¥j£l2*F12j? 5 B(2000.12.5) 




s»m«WMTU3^»K^Eawr 2 #56# 






(72)fglJMf 










S»»^MrU^KSHIlir2#56# B 
















mi 








&tom%*mimmmmmm2#s6n b 














(74)ft3!A 


100072051 








#3S± *J# »fP Wl«) 











(54) m#mmwsmw 



(57) [££)] 

^2 1 (D^Sjjlzi *)&m&£it1rz>E.t)&2 2 t , ~ 

2 4 1 mm 3 0 «^«4, ffi«*^-^Bpjpsix5 





(2) 



nxsasi:, ^(omwmn^.mmc(Rm$tix\>^mi^m 
»«>»«&srait, mftmw&f5.mkvx<&mir zm#m 
wm&ut. z nmi*nmmmut> % ^mnrnw^mm 

m^t. mmiztim.xE.ffiztitzmwm&zmmLx 10 

M»«rWJ»-t-5 «fc 0 izmm Lfc Z b trtoWct -T-5 ffitt 0 

lit** 3] ttllESiJfflig»W®ag[5]gg«r> ^^-r^iEibm 
ffi«J««**Rr«t Lfc - b *W®Lk-tZ>n*i$. 2 Kffi 20 

l t mw-t z> x 0 \mnt u * z t t -r s »*« 1 
[0001] 

imm±mm^m) *mwi*. mwrnPf^mtLx 

feS«W±H, #H&S#;*»«;ffi^fc°^*v-^A- (Me 
tal Organic Chemical Vapor Deposition: MOCVD) ftlC 40 

[0 00 2] 

[t£3fcco&W] b\ l — • 9 if 4*— K. 7 

* h h'teb'<D3-7 ^^ = ?77/W 

titn=.\; 9 ti'&M&'n't* £ LTIi, ^5f5 J; «9 MO 
CVD(Metal Organic Chemical Vapor Deposi tion) fe/^ftl so 




^BB 2002-175987 



2 



e>ttT*5 0 ; *jfi-CJ±tt{fc«j«Hi-3:tr^rd r -> + /i, (Hydr 
ide VaporPhase Epitaxy: HVPE) i£ tl^ £ ftTl^ 3 „ 
[0 0 0 3] HVPE«fc-rmiiGa£^trIlIV05¥^*BS£ 

fc£&xuim*m#&mffi£-£z x. 0 izlx\^z> 0 z 

cOHVPEffili. MOCVDfe^Jt^T^KSS^iSSV H b m 
*#*>5. 09*.tf» MOCVDi£KJ:oTIIIV&¥*fWK& 
3: f ^ * •> $ -fr 5 S8«? AS«j/«Cfig)K^»ift^F 

3£ji mX-feSd^ HVPEffiT-I^CMSr^f^^-^ + ^figS 
£ * 54§£ W MSI H&l£flt3&tt&ftftW M m Tfc -So 
Lfc^o-c, HVPEf£{i, !Rffc^ffo^:#/iIIIVSlS'ft;^J 

[0 0 0 4] Lft»L&:P&. HVPEffir*li, a#*«M4$r 
S 1 1 IVK¥«fm^ft Pjix{c < v % *l;Sffirtf© 

[0 0 0 5] MOCVDjSfHIVlS^aSt^KSrfigKi- 

v±7*±icmmztiitmm$:RfoWf*iiz&fti,. z<d 
*b&^ 7km j $>mm<n£?t£**ijT#xb-ii%izmA 

«>IIIVSJe¥3K*:9Hlt**S±lwittas-e-5 J: 5 iz LTV 
5» 

[0 0 0 6] 

ri*5fisiT-fc5„ z<r>Gm&m#*<Dmt&m&ffim<o 

ffi^bfiiS i: , fi£)K$ttS I IIV^igfflBltf^L; LT 

L/t91-5<Z>T\ ^arofflSffSr^-t-SIIIvas^^K*: 
[0 0 0 7]«, Z<0£it£5Lftl£&mmi l Ziol1Z,ffi. 

KfMf LtUL*sci:«s*<«gffl$nrv^5. ^^y 

roM^tc J; fJ^fiW^JK^Srdf.^ y Ttf^d-SUb 
[0 0 0 8] ±a*Lfc^^y V^aicfet^Tll. J^!f4 
$ left DTtt^a^'^fk LT \ 0f^aroj^Jf4fiK^ 




I4'A I x Gay N (fc fc* L x=y=0 . 5) R SSp'WJ: 9 
[0 00 9] 3&lw, ttfrlf LWL**l=i3l»-C, ®!|# 

[0 00 1 0] tftL-tcXjiz^ Wfc±.\z.Ji-fY^\sl> 
•5 . (4 h ]} t^/vT^K — V-k, YVff-jv 

[0 0 11] ^KOIKlli, ±^L^5K<75^(OBg 
[0 0 12] #Sg^<D{t!l<75giftl4, ^^^fl^B!? 
[001 3 ] 

[SMS:«*t5fcJ!)©fg:] #$g?Si4. ffi^JS^SriK 
WA»fc. BfrBEIEAS-CENS 
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[0014] *&m\z£zmnm&mi&mig.<»&mtem 
mm^m^xn, nummfflmaz. ffif£o>nmR<r>mm 
we smwiaisi:, z(ommmi£<omms.mm 

tiv ic&mmwmmztizmmimfcmci&zxmt 
iftmx'fflffl-rz> r. t *j-c* 5. $ <b\c*&mc&\,*x 

f4. ^^^f-0K*gi$t>tUi5# ( m^lHJSS/i^ 
[0 0 15] $P>»C, ^B^^iS/liM-fSf*:*^®^ 

ot¥B«i:E?lt5 w k 5„ n rc> J; 5 ^SJSfi»J 

ixtzm&<DE.mm?<D^&**n?ti,m±Lxmw-tz> 

J:5l-«J*Ufc9, W&<n>#>v—*7\z.ft\ J tX'®m-*Z>S. 

[0016] *?SW^J:5^JS^^g(4. m*co 
mmzmm-rzzk&xzzibi, ±^L.tc^h^^^ 

h n =. ^ 7 s ^ ^ ffl <o 1 1 1 vl^ S: M O C V D ffi 

[0017] 

l$£WcomM<Dftm] 1111(4. t7r^ rS^g<75Ji{-A] 
« Gay In*. N(fcfc'Lx+y + z=l)R^MOCVDSl:i 

so [0 0 1 8] ^J^*5l>Tf4. ^$i£<9l&Z!xfcmi 1 



(4) 
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«Af 15^ T>*=T^«rKtf»rticWAi-<5fc 
fc(D7^-7^iAf 1 6 £&r!S;ttS 0 
[0 0 1 9] ^C, IK««#-C*>5 m**vutvus 

v^t&ffifenitmx'm^&Ltzmnmfcitxm?^* 1 7 
i^^/u^i 8 driest fcy^-f^i 9 *ariH*s|.«ft:pta 

^*«tt/rv^r^i:-j»^7 T ^rxtEi 2cd 

[0 0 2 0] i^^r^T£«l 2 1*. 4tdJ; 

t7y^7^ t^>S^^«toTAlaGabIncN(/cfc:La 
TO«flEt«»»3 0^J:oTII8ipr«wt^J:0, JDK 

pg m a (7) « ta y x a, a »6 * a $ ^ 5 ^ aeftwi* 

tH*Sr»J«li-5wfc3is-c?#4 0 Eiif^O 

^BH4ft£ Sr *f-f £ A 1 a Gab I ric N ( tz tz L a+b+c= 

[0 0 2 1 ] Hltt*«W^«t5Jl»aE«:fltte3S«*. 
i^^r^TS«co±(CAlx Gay In* N(f:/:Lx + y + z = 
DKMOCVDfeiaoTi ^^>-^W#;ft$-t*-a 

tLTt77^7!SS:ffl^ft^, GaAs, InP. Si, SiC 

*fcv«iWWi: LT^lAs,PSr^itpJ^^f4^^2rfflv^5r i 
kT-t£o IIIVlS^i»(*:BIOfiKIR^|86-f, IMC 



[0022] m 2 ii, ffi»^i«aiff 2 0 

<b-f 9(-«ric$nfc**ojE^^2 2£*PEMU:K 
?|JU rixbOJE^Mrt^li, HK»iKflcjRlrt^>^ 1 7 

/j^^i 8*5±^<>f^i 9 z&xmnmftzmA 

+ Sfc*wJK!N-ffl!**AS|J2 3S:Kit*. #JE* 
10 ^2 2(d(i, *ixtciiai-5«t •J^iftmy X^2 4SrK 
it, r*Le>*ffl/X/u<z>jfe*Hfr*^yr^ttl&«|Si5lc: 

[0 0 2 3] H 3 tt«J«lg|S 3 0 (DVtmtfiElt&mtiL&frrt 

(CPU) 3 3«h5r^(t^ 0 
[0 0 2 4] -rT\ «WCo^TMt5^\ 
20 W « r O J; 9 ft 0U £>^PS5E £ n-5 fc <£> Xte V ^ C 4: fi^j 

ISJH-fKtf 4: It h y >^vu#y ^A^ffl^St^irf 
5. CCD h y >^vu#y ^A<D^fiM(ill4.83T*fc 
"9, flSafpttl.151 g/ml=1.15lXl0 3 g/lT-fca o * 
fc, «fflyX/U2 40ffiS5c^5 0 O^ir U «2SH]8S3 

n5JS»»#<Oi»ttJ*a«rl pKt 0 ^ y ^ h/U)=10 12 1 
£-f£ 0 Lfc^oT, lfl§0®tby X/P2 4^?^ 1 o<7) 
30 BB6«Ey</u^ ir J: o T*tU **t*]Rfl.K«:<Di»ttHifir 

(p X a )/M =(1.15ixi0 3 X 10* 12 )/114.83*?1.00- 10 
mol 

tft^ 0 Lfcaso-C, 1»BB(7)PJ](C5 0 0ffl^P*tU/X 

1.00" 10 X500X 100X60 = 300 /x mol/min 

<bft5 D r<75J:5tc:, *^^{c*5^T(L JSJN-ffifrRftttJ 

35 2 0c7)ffim^-7-2 1 tcHi»fl$jx5IBB&«0ES:*J«it-S 

[0 0 2 5] **Wli±ifiLfc*16«^<Z)^ii|B^Six« 

tf, ±JfiLfc*«S«"ett, *J»Is]K3 0^K*tfc«K[g 
S§3 ^<o«tt»o|g»«JE^<^^**^$-ii-5 



(5) 
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[0 0 2 6] gMftiffiS 2 0 X;KO 

[0 0 2 7] ±atbfe«t9^, 4 



£5. Sfc, ]|»«it:t"LT»W«rfflv^SM»-e6-, 
[B9B0ffi¥&ifti!|] 

[Ell] *»W ic J: SrafflLfcMO 
CVDlltlt«)^frro«^Sr^-MilBIW*WfBia-Cfc5. 
[HI 2] J: SJS04%»WII[eBOJ6U!if«Ei4:*U 

a<op$8i ^fflfit £ m-r mm m x- 1> •& . 

1 1 SJC*, 1 2 1 3 ■*M79* 1 
4 ^DH^g 

15 U T#*3|A<f\ 16 TV^- = T#*jgA 

17 JjS***0E#iR3g*>'^ 18 ^/uy, 
19 2 0 SWffiff'fimgC, 2 1£Em^ 

■?\ 2 2 BE;^ 2 3 W$WLQm*M, 2 4 

pttb/x/w, 30 31 «agiass, 3 

2 s^|h]!&, 3 3 t^j&laryh 



[1211] 




-7V€-7^ 



[112] 

24 11 




(6) 
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[B3] 



22 24 



23 



22 24 



23 



23 



22 24 



2Y 



21 



21 



32 31 









«»ieie 















i r~ 

CPU ~33 



37 h^<— V^COjggt 



(72) 5891 # ffl* 3t» 

S£aj^£ *grpfli«E^ffllBr 2 #56-51- 0 



F ^ — 4G068 AA02 AB15 AC01 AC05 AD16 

AD40 AE03 AF31 

4K030 AA11 AA13 AA17 AA18 BA02 
BA08 BA11 BA51 CA01 CA12 
EA01 FA10 KA45 LA14 

5F045 AA04 AB18 AC08 AC12 AF02 
AF04 AF09 BB04 CA13 DP04 
DQ06 EE02 GB15 



